This reviw presents the cardiac and non-cardiac malformations in 6o cases with asplenia and polysplenia with special reference to distinguishing factors which may be helpful in the clinical recognition of these syndromes.
drainage did not occur. On angiography the inferior vena caval drainage via the azygos system was clearly identified and this was present in all cases at surgery.
Our study indicated that the cardiac anomalies in polysplenia were less severe than they were in asplenia and therefore the prognosis in the former syndrome is likely to be more favourable. Three families had two affected sibs but no single genetic factor could be identified. The aetiology of these syndromes remains undetermined.
The association of splenic anomalies with malpositions and malformations of other organ systems, in particular, the cardiovascular system, have been well documented in the past 20 years Schafer, 1952, 1955; Ivemark, I955; Putschar and Manion, I956; Ruttenberg et al., I964; Campbell and Deuchar, I967; Moller et al., I967; Landing et al., 197I; Van Mierop, Gessner, and Schiebler, I972; Freedom, I972) . The complexity ofthe cardiac malformation determines the clinical course and prognosis and frequently precludes correction by surgical techniques. It is important, therefore, to recognize the patient who has the asplenia or polysplenia syndrome, in order to anticipate potential Syndromes of asplenia and polysplenia 84I presently unidentified since spleen scan has only recently been used for the identification of this condition. The necropsied group included cases in which the spleen was either entirely absent (cases of fimctional hyposplenia were excluded) or in which 4 to Io splenunculi were present (cases with one accessory spleen were not included).
At necropsy, clinical and radiological findings were reviewed, with particular reference to points of difference between the two syndromes and their clinical recognition.
Results

Asplenia
Age at death and cause of death (Tables i and 2) The mortality was high in asplenia. In this necropsy series 36 per cent of cases did not survive the first week of life and 79 per cent were dead by the end of the first year. Cardiac failure and anoxia were the predominant causes of death, followed by surgery. Infection was a relatively infrequent cause of death.
Pathological features: non-cardiac malformations (Table 3) The recognized tendency for bilateral symmetry of organs in asplenia syndrome (Van Mierop et al., I972) was noted to be present. 2) 3) Uncertain -2 ()
pulmonary venous drainage in 2 or 6 per cent of cases. Mixed anomalous pulmonary venous drainage refers to pulmonary venous drainage into more than one site.
The morphological distinction of the atria was difficult in most cases. The diagnosis of single atrium was made in cases of absent septum or in those with very large secundum and primum defects with a vestigial septum often represented by a bar of tissue running between the anterior and posterior wall of the atrium.
Great vessel abnormalities ( Fig. 3 ) Transposition of the great arteries was common (72%). Transposition of the great arteries in the d-position Despite the severity of the congenital malformations in these children, these infants were born at term and their mean birthweight was not significantly different from that of controls (RegistrarGeneral of Ontario, i966). All cases presented with cyanosis. The electrocardiogram showed a normal or rightwardly directed P axis. The plain chest film was helpful in documenting the abnormal cardiac and visceral situs and the symmetrical liver (Fig. 5 ).
The persistence of the left superior vena cava could also be detected on the chest film (Fig. 6 ), and was confirmed by angiography (Fig. 7) . The side-byside relation between the aorta and the inferior vena cavae in their abdominal course (Elliot, Cramer, and Amplatz, I966) is exemplified in one of our cases (Fig. 8 ). Howell-Jolly bodies were seen in I5 of I7 cases who had blood smears taken. A splenic scan to confirm the diagnosis of asplenia was done in 6 instances ( Fig. 9 ). Clinical features (Table 7) There was a predominance of female patients in this group. The mean birthweight was normal as compared to controls. Seven cases presented with cyanosis, 5 with murmurs, and 3 with dyspnoea. The electrocardiogram characteristically showed a leftward and superiorly directed P wave axis in all but one of the cases. Among the radiological signs, the inferior vena caval drainage via the azygos system was a useful sign (Fig. 15) as was the separation of the aorta and inferior vena cava coursing on either side of the spine (Fig. i6) . Howell-Jolly bodies were not seen in any of the 9 cases in which they were searched for. The splenic scan was helpful in making the diagnosis of polysplenia (Fig. I7) , despite the fact that resolution of the splenic masses is not ideal. Discussion Although case reports of asplenia associated with cardiovascular defects and situs inversus had been published during the nineteenth century, the first suggestion that asplenia might constitute a clinical syndrome was made by Polhemus and Schafer (1952, I955) , and a detailed analysis of the aggregation of defects as well as a review of the published reports by Ivemark (I955) appeared three years later in a notable paper. Morphogenetically the splenic abnormalities and associated defects are (Ivemark, I955; Ruttenberg et al., I964; Moller et al., I967; Van Mierop et al., 1972) . Notable among the distinguishing anatomical features was the high incidence of transposition of the great arteries with pulmonary atresia or stenosis in asplenia. The associate frequency of total anomalous pulmonary venous drainage suggests that it might contribute to the severity of symptoms and early death in patients with that condition. Conotruncal abnormalities were less common in polysplenia, and only partial anomalies of pulmonary venous return occurred. Among the systemic venous abnormalities, the absence of the infrahepatic segment of the inferior vena cava with drainage via the azygos system was not seen in any cases of asplenia and was present in 84 per cent of the polysplenia cases and was, therefore, a useful distinguishing anatomical finding. Of interest from the embryological standpoint and the concept of bilateral right-sidedness (Van Mierop et al., I972) was the absence of the coronary sinus in 84 per cent of necropsies in asplenia. Single ventricle, single atrium, and common atrioventricular valve occurred with greater frequency in asplenia. In this group the atrial septum was often no more than a vestigial bar of tissue and the large secundum and primum defects described in our study (Fig. 4) could be regarded as single atrium in most cases. A single atrioventricular valve was present in all cases with single ventricle. In only 4 cases was the atrioventricular valve divisible into mitral and tricuspid components and these were patients who had 2 ventricles. A single coronary artery was found in I9 per cent of our asplenia cases. This was found in one case of the series of Ruttenberg et al. (I964) and has not been reported in others.
Among the clinical features, male preponderance was striking in asplenia while there was a female predominance in the polysplenia group. Parental age, gestational age, and birthweight were normal as compared to the general population (RegistrarGeneral of Ontario, I966). The significance of the increased birth order might have been more revealing had we been able to analyse separately cases where mothers were older (e.g. over 35 years) and likely to have completed their families. However, since the number of families we were able to investigate was not large enough for such a separate analysis, a likely explanation of the high birth rank could have been the deliberate limitation of family size after the birth of an affected child. A similar birth order effect was found in family studies of patients with another type of severe congenital heart disease (Chen, Thompson, and Rose, I97I) .
Cyanosis was the presenting sign in all cases of asplenia whereas only half of the polysplenia cases presented in this way.
The consistent electrocardiographic abnormality was a leftward or superiorly directed P wave vector or coronary sinus rhythm which was found in 92 per cent of cases of polysplenia. Analysis of the P wave vector is useful in detecting atrial situs in dextrocardia. It has been suggested that infradiaphragmatic interruption of the inferior vena cava is the cause of unusual atrial depolarization in polysplenia (Momma and Linde, I970; Van der Horst and Gotsman, I972) .
Radiologically the plain x-ray film of the chest and upper abdomen is helpful in suggesting that the splenic abnormality is present. The cardiac and visceral situs, the position of the liver and of the While most of the cases of splenic abnormalities with congenital heart disease are sporadic, a number of surveys in the past have shown a clear tendency for congenital heart disease in general to occur in several family members (Nora, I97I). It was, therefore, not surprising to find three families with more than one sib affected in our series. In each of the asplenia families there was concordance of the cardiac defect. In the polysplenia family, one sib had tetralogy of Fallot and one had hypoplastic left heart syndrome. While this may suggest that these syndromes could be heritable conditions with autosomal recessive transmission, our asplenia patients' family analysis did not confirm this. We found a segregation ratio of 8.9 per cent which was far below the 25 per cent expected if this were a true autosomal recessive condition (Li and Mantel, I968) . There was no history of consanguinity in the families. The occurrence of splenic abnormalities in sibships has been reported in four instances: Polhemus and Schafer (1952) (I97I) . In a family with one affected child and no other affected relatives, the recurrence risk should be very low. The incidence of asplenia in the general population is difficult to assess. Nine patients with this syndrome in our series were born in Metropolitan Toronto between I955 and I964. The minimal incidence is therefore i in about 40,000 live births. The calculated sib frequency if asplenia were a multifactorial condition (Edwards, I960) would be 0.235 x io-O or 0.49 per cent which is below the actual incidence of 4.65 per cent we found. Our family data, therefore, did not suggest any single genetic factor nor did they bring to light any teratological insult which could have been responsible for the development of the splenic and associated anomalies.
